It is known that there are two major forms of bainite; namely, upper and lower bainite. Recent transmission electron microscope studies ' have shown that there is a distinct morphological 'difference between these two forms of bainite.
In upper bainite, cementite precipitates between ferrite laths, while in lower bainite, cementite precipitates unindirectionally within the bainitic ferrite lath at an angle of about 55-65° to the long direction of the lath. The precipitation of £ carbide in lower bainite has also 4 been observed, although the precipitation process is not clearly understood.
5
In a recent bainite debate, Hehemann proposed the existance of the metastable eutectoid reaction y~a + £ carbide at 350° C. He argued that below 350° C £ carbide precipitates very rapidly from supersaturated ferrite, since a -£ carbide is stable relative to a -y. This terminates the partition of carbon to austenite and results in a lower bainite Present address: General Atomics, P. 0. Box 81608, San Diego, CA 92138 -2-structure. In non-silicon steels, cementites willrapidly replace£ carbides analogous to tempering of martensite. Above 350° C the a -E carbide aggregate is metastable relative to an a ... y aggregate. The upper bainites formed in non-silicon steels would contain cementites which could precipitate from both ferrite and au5tenite. In silicon steels, however, the precipitation of cementite is retarded.· due to the presence of silicon, the. resulting upper bainites would be free of carbides. On Shackleton and Kelly 2 • 6 found that some of the orientation relations observed between cementite and ferrite in upper bainite could only be related to the parent austenite. They then suggested that in upper painite the cementite and ferrite can form separately in the parent austenite. As for lower bainite, the orientation relationship between cementite and ferrite 2 6-8 has recently been reported to be the same as in tempered martensite. '
However, there has been very limited evidence as to the crystallographic orientation relationship between E carbide and ferrite in lower bainite.
In this communication, direct evidence of the orientation relationship · between E carbide and ferrite in both lower bainite and tempered martensite is presented.
. . o. 002--o~oos--o. os Figure 1 shows the £ carbide in lower bainite for 300M steel isothermally -transformed at 300°C for one hour after austenitizing at 870°C.
The Mg temperature for this steel when austenitized at 870°C is 270°C. 9
The selected area diffraction (SAD) pattern obtained from It has the same orientation as that of lath B based on selected area diffraction and dark field analyses. However, no carbides were observed within the lath. It is not clear whether it is a bainitic ferrite lath or a mar.tensitic ferrite lath. Nevertheless, the_ sample was:isothermally transformed -4-for one hour followed by oil quench, the transformation of austenite to bainite could not possibly be complete. Thus, the. lath is likely to be a martensite lath which was formed during quenching after isothermal transformation. •. It is clearly shown in the present investigation that the orientation relation of <lOO>a II <1120>£ carbide was observed in both lower bainite and tempered lath martensite. This would support the view that in lower bainite, carbides precipitate directly from supersaturated ferrite.
It is also interestingthatthe £carbide, observed inFigs.l and 2, forms on. { loo}a planes and grows in <100> a directions in both lower bainite and tempered martensite. However, in tempered,martensite two variants of E carbide were observed, while in lower bainite only" one variant that is a typical lower bainite structure was observed. Further study of the reasons for this difference between lower bainite and tempered martensite might produce new information about the transformation mechanism of lower bainite. 
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